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Sn o w s u rfa cebidir e ctio n al refle cta n c e effe cts o n atm o spheric co rr ectio n are studied for the
sn ow r efle ctan c e estim atio nfr o m s atellite data andr adio m etric calibr atio JI Ofs atelliteoptical sensor.
The atTn O SPhe ric c o rrectic)Tlbased o n do ubliI甘 adding m ethod that has apote ntial to calc山ate
皿 ultiple sc atterlng betw e eT1land s 血 e arid atm o sphe re are sin □1ated with r10 n
-1a血beltia n sn o w
s n血 c e, andthe nthe cdcdation err o rderiv ed from la mbe rtia n a ss umpt10Il a re estim ated. The r eSdt
sho w sthat the Don-1atnberLia n s u血 c e zn odel is n e c es s ary for the atm ospheric c o rr e ct10r)OV erthe
s n o w
,
aJld itisbette r[o a c ount he md tiple s cd teringbetw e ena lm o sp】1er e ands n o w.
1,0 lntrcld11Ctio皿
SrlO W S u血 c c rene ctaTIC e(aJld/Dralbedo)is o n e of
theimpo rta ntpara m et rsin the e a rthradlatio nbala n ce,
a nd vic adollS a nd cr oss caubratio n sfo r Dphc alse nso r
hav ebeenplan ned o v e rthe sn o w鮎1d fo rthe pr e ci se
a nalysis of the biol噛 c al, chemic al aTld ge Dlo由c al
pr o c es s. T he s no w S血 c e w a s a s s umed tD b巳
1弧 1berha nin m a ny ca s e s of atn o spheric 00 正 eCtio n,
thotlgh the s n o w s u血 ce sho w s departu r e fro m
la 皿bertl a nbeha vio r. To avoid this JI O n- 1打1berhan
pr oblem for som e la nd stlrfac e m ateri al, the pr evious
studies carried otlt atm OSPll eric c oIT e CtLOrl With the
tn e a stu ed(and/or m odeled) bidlT e Ctio nal r ene cta n c e
distrlbutio nfL m Ctio n(B R D F)Dfthelands町fa c e andthe
sin如 s c atteriTlg C alc AntiD n betw een stnfa c e and
atm o spher e. Ho w ev er, the Sn o w Su血 c esho w shigh
r e皿e ctan ce
,
ther efor ethe m ul tiple sc att血 g betw e e n
su rfa c e and atm o sphere c 皿 n OtbB ign o r ed. h this
s hldy, Sn o w Su血 c ebidirc ctio nalreflecta71C e efE cts o n
atm o spheric c o rr e ctio n ar e estim ated using dollb ing-
add ing m ethodthathas apote ntialto cdcdate m ultiple
sc atteringbetw e e n s u fEa c e a nd 且tm D Sph¢re･
2
,0 Radiati▼e Tr a n sferSim qlatioJ)
n c r adiativ etr a n sferfo r atn o spheJ e a nds n o wis
sim ulated fo )I the e 血 atio n of the sn o wBR D FefFects
o n abn D Sphedc c orrection. Ⅶ1e dollbling
- ad ding
m ethodl) is u s,ed m ainly, be c atlSe the l 旭 e Of the
血 m osphq e
Molccl 打(abs.):h4odtran
(scd):Rayleigh
'
s theory
Jl
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FjgtLre1 C dcuhtioJth w oFthesjm 11b tio7L OfJ3dhtiye
tm TIS血rin &tm osphe rc &tLds n o w
do ubling T lethod
2) o rdis cret早 O rdin ate 血 ethDd
3) has
be enpr opo sed fo rthe s n o wB R D Fsin1ulatio n
4)
I T he
m odtrat1
5) and basic theorleS for atm DSphere ar巳 also
tlS ed in s o m epro c es se s(figu re1). T his calc山atioll
flo w is ba s ed ollthe atm o spheric c o rre ctio n fo rthe
vicariD u S C alibratio n which is 血D W nin Ts u chida el o∠
(1997, 19 98)
6)･7)
T heinplltParaDleter Sare Setfor the sTID W 丑eld of
Sar obetsq, ヨokkaido illJapa n, aTld the nthe radiativ e
(ra n5fel. Dfattn o sph8re a nd sn o wsi皿 datBd using the se
c odes. At皿 D Spheric par m et r s ar e Obtained fr o m
thes e t n odels (旭 d- h tihldc- Wi71ter
5) a nd Water
soluble- Oc占anlC8) mix ed m odels)a nds om e of thern are
cha nged withthe L
･
jq-･Edu m ea stlrem e ntdatA7)I sn ow is
a stlmedto be 皿 a SSIVe Semi- in五nitysi喝1elaye r, a nd
TAb k 1 Pa ra m ete rs Of srLO Wp且∫tEclc fo r S A O Y StLJ
.be e
B RDFsim止Iatio n
WAY elen9th
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SIzo (恥trlbutlorl
56 8n n
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Fjg■r¢ 3 B idjre ctil)7Lal renecbn ceEhcto r in the
pr】7LC)palph n e m e 8S W ed o▼c r sn o w n e a rLoB& ntJ b h
tISA (fr o mFig.8 ofSolo m o】1ぎO A a nd M& rlatt, 1 9 68)
,)
.
So]a r ze nithAJtg)e :6 6I 704eg代e.
its p打 a m eteIS a re Sho wnin Table 1.
Figu re 2 irldic ates the 血1d ated re瓜ectanc e
fa c(o r≦ of sn o w sd a c eh the p血 cipal and v ertic al
planes. Ⅶ1 e CtユⅣed 血e ofthe reAe ctanc e facto rs
▼e rs u s obs er v e r(radiD n ete r)z eJli 血aJlgleis ▼erysimilar
tD One Of the m easu rem cnt 血ta(tlle e 五孤1ple tLndcr
do udle sis sho w ninfigur e3)9).
3.0 Sn o wIIR D F Eqe cts
Snow sd AC e B R D Feffe cts on atm ospheric
c o rr e ctio n bas ed on dotLbling
･ ad dizIB m ethod ar e
estlTn at¢d 血r vica rio LI S Cal ibrati【】n and satellite
m ¢a stF etn nt. lTlthis study,the per c e ntdiffere nce s of
the results betw e eTlthela mberti且n aJld 71 0 n･ laJnbe rtiaTI
s u血 c e 皿 Ddels with m tlltiple s catteriq calc ulatio rL
betw e en s n o w a nd tm o sphe re a re cal ulated a silldex
forthe effe cts.
3.1 V ic a rio ロ5Calibratio n
Vic ario u s c alibr atioJllO) is (he in - 凸ight
radio m etric c alibration for Satellite Dp(ic al sen s o r u sing
the 劫 - 血 zn B a S 打 e 皿 e nt data at the gr o und ta rget.
Ⅶle r efle cta n c efacto r Of la nd su rfa c e J町h(I)/0) (or
Jqh(zydo Ad) is m e a su red by thB 五eldradiDrrl ete r at the
s atellite o v erp且S S丘m e,butit isfo r o n edire ctioTl(O rfe w
dire ctio ns)in irr adia n c eto s71 0 W S u rfac e, that is the
sohr 2;e nith a ngle I at that tim e, wlle re A(2) is
hemispheric alinplltin solarzenith aJlgle, ゐJdis o utpd
dire ctio n
,
a nd dm L=O m e a n s也e nadir dire c血 n . h
naJly Previo tlS Sb dies, the re王kc[a n c efactor in nadir
dire ction Jq^(却0) wastlS Cd o nthe a s st mptio nthat the
la nd stlTfa ce w a slambertian, or tlle Only single
sc atteriTlg betw e e n atm o sphe r e and la nd s u血 ce is
calc山ated u sillg A(J5(zyzbq l). Fo rthe c alc uhtiD JIClfthe
m ultiple s 皿tte血g betwe e n at7rlO SPher e BLnd sn o w,
r e且e ctaTICefa ctc m of the all dire ctio-n sin irr adiance to
s n o w S 町血c e andradia n c e加 m sn o w sd a c e JqLu doAL')
ar e n e c es s ary, lt is 血po ssible to tne asu re all
r e丑e ct8 n C efa c[o r s何db/do n)u zlderthe stable c o ndito n
fo r atm o sphe re a nd sJ10 W, SO the s n o wB R D FI n Odd
wi ll be tLSed fo rthis m ultiple s c attering calctllatiorl.
T【) estim ate the s n o wB R D Feffe cts o n the
vica riD qS C alibratio n, the r adia n c esat the top Of
8血10 SPher e孤d its per c e nt difEe rences a re calc uhted
fm m the grD tud 7Tl ea StW Cm e nt data in tw o c asesthat
sn oア S Ⅶ血ceis as su m ed to be lm bertl an aJld non -
1皿 berti皿 (丘gtF e4)･ m e per c e ntdiffe re n c eis v e ry
la rge(4to15%)andsm allerinlarge r s olar z enithangle.
nl e s our z血 th a ngle at the STID Wfield is gen e ral ly 5 0
tD 7 0 degree, a ndthe nthe perc entdif 氏r en c eis ahlO St
lO %.
As m e ntio 71ed abo ve
,
the s 皿 erefle ctan c efa cto r
in the n adlrdir e ctio nA(A(2yO)is u sed in both cases a s
thc 由 一 血 m e aB tlrem 8 nt data, but the estim ated s n o w
s u rfa c e r enc cta n ce sRTb(2yhD ,)a redlffe reTIC e(丘gu re5),
wher eh”,ishemispheric alO utput, andJ可JB(2ybo vl)in the
la mbertian m odel is eqtlal to Jqh(zyO). n e s urface
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r e王kct皿 C e de n ved fro m D o n
- 1a mbertia n rn Ddel is
血 o ststablein solarz mitl angle,bllt the refle ctanc ein
l皿1bc rti皿 TnOd81 is getting S m alle rin large r s olar
2: Ⅷith angle. T he c u r v ed lin e ofr efle ctarl C8fr o mthe
la nb8rtlan m odel in 丘g.5 is very si milarto o n e of
refe re ncepa n el,i･e･ Spe ctralo n a nd BaSO4
11)
,
ex cept
fo rthe data of 8 0- 9 0degr e ein solar ze nith arlgle.
n e refo rethe calibr ati o n er ror m aybe decre ased,ifthe
r efe re n cepa n els B R D Fcorr ectio T1
1 1)is notC arried otlt
in vic ario u s cd ibr atio7) at the s n o wfield. Fro m this
vie ∇point, the r efer e n cepa n el B R D Feffe cts was n ot
c o rre cted in pr eviotlSvica rio1鳩 C alibratio】1 StLldy at the
s n o w&eld6),7)
3.2 Sate11ite M e ast) r elne t
Satellite m eastn･ e m e血 is to estim ate the 1aTld
su rfa c e r eflctanc eA(A(zy^ o y ')fm m the radlaTIC8 at the
s ateuitein this Sttldy. To e stim ate the s n o wB R D F
effects o71the s atellite 皿 e aStl re m ent, the sno w S n血 c e
renecta n c e 皿d its per c e nt differe n c e sar e c alc nlated
fr or n血e s atellite datain tw o c a s esthats n o w su rfa c eis
a ss u m ed to be l且mbertian and TIOn - 1ambertiazl(fTlgtlr e
6). The rene cta n c e sh 血elaLnbertia n 皿 Odelex ce ed
1 00 % in 0to 45 deg e e ofthe s olar z 巳nith azlgc, and it
is ra re ca s efo rthe sn ow 丘eldthat the s ola r 2Xmith a71gle
is s m allerthar145 degre e. Ⅶ ereforethe Te Sultsin(he
r ange a re 工10t Sho w nin fig,6. Figu re 6indic atesthat
thepe rc e ntdifFer e71Ce S are V e ry Y adable(0to 15 %)in
the s olar z e nith azlg e aTld that the dlffern c eis v ery
sm all ifthe s ohr z eJlitha皿deis clo s etO 6 0 degr e e.
4.0 CD ndtldingRezTLa rks
T he r esult ofthe sim ulatio n s ofthe sコ1 O WB R D F
effects on atTrlOSpheric c o rr e ctio TI Sho w sthat the
s u rfa ce rn od d with the B R D Fparam etersis nec ess a ry
fo rthis c o zT eCtio n D y e rthe sn o w
,
皿 d itis betterto
a c c o u nt the m山tiple sc attering betw e e71the atm o sphe re
aTld STIO W. To estim ate the B R I) Feffe cts 皿 O re
pre cis ely, In O r e C O mplicatcd sno w model (m ultiple
layers, in cluding soot, aJld e上c.)is tlSed, 皿d the
sirn ulatio n m ustbe e a rn ed otltin m a ny c as e s. h the
sim ulatio n fD r Vicario u s calibr atio n, the pe rc e nt
differ e n c e s ofthe r adi an c e at the top Of at m osphe re
betw e er]the la mbertla n a nd IID n- 1a mbertian IT)Od¢1s
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c &lcd ated fro mt he s ab )lite 血ta jn tl▼O C a Se写t hats n o w
stLrhc eis 且写Stm ed tD betELmberti孔n 且Ad 爪DZt. 1a mbc rt hm
with m tlltiple scatte血 g cdc 血tio nbetw e en s n o w a nd
81m o sphere ar eye rylarge(4 to 15 %). T he effe ctsO TI
vica ri?tw c alibr atio n c a nbe de creas ed, if the
c o mplicated s n o w m odel is u s ed. 1io w e v er, the
c alculated sn 〔) w stlrfa c e r efl ctarlC efr o 皿 t】l e n O n-
1a mberti皿 皿 Odel m is tbe n ea rly eqaul to m ea sur e m e nt
data, h the sim datl D nfc)I obtain171gSn ow re加 c(ance
fr oTTI Satellite datちthe perc eLltdiffer e n c e s ofthe STI O W
re鮎 c(a n c e(hemisphe丘cal- hemispheric al reflectance)
betw ee nthe la mbertiarl and n o n- 1a mbe rtl an S uda c e
7rlOdels aJC VeryV ariable(0to 15 %)in the sola r Z e nith
a ngle ･ T he effe cts also C a nbe de 打 e aS ed bythe use of
the s n o wB R D Fm odel,iftheiTIPutPar an lete rS Ofthis
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m crdelc a nbe obtain fr om satelliteda18..
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二hstlt11te fo r the f mitfu l dis cu ssio n.abo llt r adiativ e
tr an sfe r c ode.
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